1N~FRODUCTION
On this 50th anniversary of Von Post's presentation of the first pollen diagrams, it is appropriate to renew discussion of the ideas he proposed at that time. Von Post's interpretations of the first pollen diagrams were based largely on the changes in pollen percentages that occurred from one stratigraphical level to another. While he was aware of constraint on pollen frequencies at each level, and thus on their changes between levels, imposed by the interdependence of values within a percentage system, he felt it important that the values obtained were at least independent of the types of peat in which the pollen was enclosed. This was not true of alternative forms in which the data might have been presented, such as absolute numbers of grains per unit volume or weight of peat. Absolute numbers would depend strongly upon the different accumulation rates of the different kinds of peat; thus counts from different peat types, or from different deposits, could not be compared meaningfully with one another. Von Post suggested, however, that there might be an advantage in working with absolute pollen frequency, if the relative accumulation rates of peat types could be estimated. If characteristic relative rates were found, these could be used to correct pollen numbers observed in different samples. In this manner it might be possible to compare rates of pollen accumulation independently from the accumulation rates of the enclosing peat (VoN PosT, 1916) .
The discovery, in recent years, of radiometric methods for determining ages of sediments makes it possible to estimate absolute rates of sediment accumulation. Thus the method of absolute pollen analysis suggested by Von Post can at last be applied, and its results compared with conventional pollen analyses. To this end a series of radiocarbon dates have been obtained from different levels within an I 1 m core of gyttja and silt from Rogers Lake, in southern Connecticut, in a study of deposition rates of microfossils in collaboration with E. S. Deevey Jr., of Yale University. These data are used to estimate the number of years represented by a unit of thickness of sediment at each level within the profile. The numbers of pollen grains of each type in samples of measured volume are then divided by the estimated number of years necessary for their accumulation. This yields an estimate of the number of grains of each type deposited on the sediment surface per year. The accumulation rate for pollen types estimated in this way is a variable independent both of changes involving other pollen types, and of changes in the rate of accumulation of the sediment matrix.
The present paper presents a summary of the results of applying this method to the entire core of Late Glacial and Postglacial sediment from Rogers Lake. The results are compared with the traditional percentage diagram, a comparison that has special meaning in this case because the lake lies within the type area for New England Postglacial pollen zones as established by DEEVEY (1939) . Previously, the radiocarbon ages of several of the pollen zones were known only by inference or from correlation with the European pollen sequence. The new pollen diagram also shows new and potentially important stratigraphical features, as these are some of the first detailed analyses of Postglacial lake sediments that have been published from this region.
Preliminary results from the Late Glacial portion of the Rogers Lake core have already been published (DAVIS and DEEVEY, 1964) , as have the results of application of the same methods to animal microfossils preserved in the Late Glacial sediment (DEEVEY, 1964) . LIVINGSTONE (1957) had previously done a similar paleolimnological study using laminations in sediment to estimate accumulation rates, while methods similar to those employed in the present investigation have recently been applied to pollen analyses by WHITEHEAD (1967) and TSUKADA (1966) .
METHODS
The Rogers Lake core, 11 m long and 5 cm in diameter, was collected with a Livingstone corer by Deevey and myself in 1960. Milliliter samples were removed from the extruded core for pollen, microfossil and chemical analyses. The remainder was divided into segments, 5-20 cm in length, which were used for radiocarbon dating by Dr. Minze Stuiver, Director, Yale Radiocarbon Laboratory. Results from eight samples from the lowest 2 m have already been published (STuIVER et al., 1963) . Dr. Stuiver has kindly made available to me unpublished results from 16 additional samples, spaced at approximately 60 cm intervals throughout the upper 9 m of core. The radiocarbon ages of all the samples have been corrected by +730 years, an amount equal to the average apparent age of three surface samples (M. Stuiver, personal communication, 1966) . (Note change from the previous correction of +770 years based on 2 surface samples.) The results from surface samples indicate a source of 14C-deficient carbon in the lake, presumably groundwater; the correction assumes that this source contributed carbon in the same proportion throughout Late-and Postglacial time (STUIVER et al., 1963; DAVIS and DEEVEY, 1964) .
Small samples were assayed for pollen content by the aliquot slide method described elsewhere (DAvis, 1965a (DAvis, , 1966 . From 200 to 1,000 grains were counted in each sample; the counts were used both for calculation of pollen percentages and estimation of absolute pollen frequencies.
RESULTS AND DISCUSSION

Sedimentation rate
The radiocarbon ages of the 24 samples were plotted against their depths below the mud surface to show the relationship between depth and age of the Rev. Palaeobotan. PalynoL, 2 (1967) [219] [220] [221] [222] [223] [224] [225] [226] [227] [228] [229] [230] sediment. A smooth curve was then fitted to the points, in order that the equation of the line could be used to predict age from depth, and in order that its slope could be used to estimate sedimentation rates. A curve was fitted to the points by eye, curving through the points up to 7 m depth and continuing straight from this level to the surface. A second-degree equation was found that approximated the lower portion of the line, and a first-degree equation that approximated the upper portion. These are shown in Fig.1 . More recently additional radiocarbon age determinations have been made (M. Stuiver, personal communication,1966) . The dates from these samples, when plotted against depth, fall close to the line given here, implying that additional data will not bring about any major change in interpretation of sedimentation rates.
The curves fitted to the data shown in Fig.l indicate that 14,000 years ago the net rate of sediment accumulation after compaction and diagenesis was about 26.9 years/cm thickness (0.037 cm/year). (This is similar to the previous estimate of 0.036 cm/year, based on a straight regression line fitted to the lowest 8 samples (DAVIS and DEEVEV, 1964) .) The rate of sedimentation gradually increased, until at about 6,000 years B.P. it gave way to a constant rate of 8.6 years/cm (0.116 cm/year) which continued to the present.
Total pollen deposition
The total pollen numbers per unit volume sediment, shown in the left-hand part of Fig.2 , were similar in samples from adjacent levels. This consistency indicates that there were few very short-term changes in the rate of accumulation of the sediment matrix, and that the rate of pollen input to the sediment is a variable showing long-term changes lasting one or more millenia, rather than short-term changes lasting decades or centuries.
The oldest sediments, deposited before 12,000 years B.P., contain fewer than 20,000 pollen grains/ml. The number increased in the younger sediments, reaching maximum values in sediments deposited 9,000 years ago. Above this level, the number decreased, until a more or less stable concentration of 200,000/ml was reached at about 5,000 years B.P.
By correcting these values for the rates of accumulation of the sediment matrix characteristic for each level within the profile, we can now distinguish between those changes in pollen number that are the result of changes in sedimentation rate, and those that reflect changes in the pollen input to the sediment.
The sedimentation rate, in terms of years/cm accumulation, is shown plotted against estimated age in the middle column of Fig.2 . The pollen number has been divided by this variable, yielding the estimated rates of pollen accumulation shown in the right-hand column. The results show that very few pollen grains, less than 1,000 / cm 2 /year, were being deposited before about 12,000 years ago. At this time the rate of pollen accumulation began to increase, reaching To the left, estimated total pollen from terrestrial plants per ml sediment, with 95 ~o confidence intervals surrounding the estimates, is plotted against the estimated age of the samples. In the center column the estimated numbers of years represented by acm thickness sediment (the derivatives of the curves shown in Fig. 1 ) are plotted against the estimated age of the sediment.
To the right are estimates of the rates of total pollen accumulation at various times in the past, derived by dividing the number of grains per cm 3 by the estimated number of years represented by the sample. Black dots represent estimates based on the derivative of the second-degree polynomial fitted to the older radiocarbon-dated samples; gray dots represent estimates based on the derivative of the straight line fitted to the younger samples.
Rev. Palaeobotan. Palynol., 2 (1967) 219-230 15,000 grains/cm'~/year 10,000 years ago, and rising steeply to a maximum rate of 35,000 grains / cm 2 / year 9000 years ago. The rate of pollen accumulation then decreased again to 20,000-25,000 grains/cm'-'/year, a rate that has remained more or less stable for the last 8,000 years.
Pollen stratigraphy
The quantities of individual pollen types can be expressed either as percentages of the pollen total, or as numbers deposited / cm 2 / year. In sediments younger than 8,000 years, the total pollen deposition rate was nearly constant; consequently almost all the changes in percentage values for individual pollen types (Fig.3) directly reflect changes in the deposition rates for these types (Fig.4) . But in the older sediments, the total pollen deposition rate varied with time by a factor of 40. This variation has resulted in considerable distortion in the record of pollen deposition provided by changes in the pollen percentages.
The pollen percentages are shown plotted against the estimated age of the sediments in Fig.3 ; the diagram is divided into pollen zones in the traditional manner. Non-arboreal pollen types were dominant before 12,000 years B.P.
(zones T and A-l), with Pinus the most abundant tree pollen type. Subsequently Pinus, Picea, and Quereus-pollen percentages increased (A-2-3). Ten thousand years ago, Quercus-pollen percentages decreased to a minimum, and pollen grains of Pinus, Picea and Alnus increased in frequency (At4). 9,000 B.P.,Pinus became the dominant pollen type. An upper boundary for the Pine Pollen Zone (B) has been drawn at 7,000 years B.P. where pine-pollen percentages fall below 10~o.
Comparison with Fig.4 shows that these changes in pollen percentages are misleading as indicators of changes in pollen deposition, and thus give a misleading impression of changes in the vegetation. Very few pollen grains of any kind were deposited before 12,000 years B.P. (Fig.4) . Despite their relatively high percentages (totalling almost 40~), tree pollen grains were few in number. Those few that arrived at the site were probably windblown from far-distant forests. 12,000 years B.P., the numbers of all tree pollen types increased, while the numbers of herb pollen grains remained constant or increased slightly. Macrofossils (at other sites) indicate that trees grew in the region at this time, although there may also have been extensive areas of tundra-like vegetation persisting. Deposition rates for conifer pollen continued to increase between 12,000 and I0,000 years B.P., implying a gradual increase in the numbers of pollen grains produced by the vegetation as coniferous trees increased in frequency. I believe that the increase The accumulation rates are all shown at the same scale, plotted against the radiocarbon age of the sediment. Two rates, indicated by the shaded and unshaded silhouettes, are shown for each type in samples from the zone of overlap of the two equations used to estimate the number of years per cm sediment thickness.
Rev. Palaeobotan. Palynol., 2 (1967) 219-230 less constant; there is no indication in the deposition-rate diagram for a maximum at 11,000 years and a minimum at I0,000 years such as is found in the percentage diagram. The changes in Quercus-pollen percentages in Fig.3 are, therefore, merely a reflection of increasing deposition rates for coniferous-tree pollen 10,000 years ago, and not, as had been suggested previously, of a climatic oscillation correlated with the Allerod (DAVIS and DEEVEY, 1964) . 9,000 years B.P. ago, deposition rates for Betula, Pinus, Quercus and other tree-pollen types increased sharply, with Pinus pollen reaching maximum deposition rates 18 times higher than its deposition rate during later Postglacial time. The high percentage of pine pollen in zone B had conveyed a correct impression of very abundant pine at this time relative to its frequency during later Postglacial time (DEEVEY, 1939 ; many later authors). My previous assertion that the high pine-pollen percentage of zone B resulted alone from low pollen productivity by the rest of the vegetation (DAvis, 1963) is clearly incorrect as applied to Rogers Lake.
In the younger sediments the three pollen zones of Deevey (1939) can be recognized both in the percentage diagram (Fig.3) and the deposition rate diagram (Fig.4) . The sequence from Quercus-Tsuga (C-I), to Quercus-Carya (C-2) to Quercus-Castanea (C-3) can be seen clearly. There may be some argument, however, concerning the precise levels at which zone boundaries should be placed. As the minimum in the percentages of Tsuga pollen is the most consistent feature of zone C-2 to be seen over a wide geographical region (DAVIS, 1965b) , I have used this feature as the basis for drawing the zone boundaries at Rogers Lake. I have also subdivided C-3, with pollen zone C-3b, which is characterized by rising values for Ambrosia pollen, presumably recording forest clearance by European settlers (McANDREWS, 1966) .
Several new features of the Postglacial pollen sequence can be recognized at Rogers Lake. First, the diagram shows a resemblance to the new detailed analyses from Silver Lake, Ohio (OGDEN, 1966) . As at Silver Lake, there is a minimum in Fagus-pollen percentages about 3,000 years ago, and a maximum of Ambrosia pollen between about 5,000 and 8,000 years ago. The Ambrosia maximum (of both percentages and numbers at Rogers Lake) is of particular interest, since similarly high percentages of herb pollen are found at equivalent stratigraphical levels in diagrams from forested regions in northeast Minnesota (FRIES, 1962) and in Wisconsin (WEST, 1961) . Ambrosia pollen occurs in relatively high percentages (5-40%) in surface samples from the deciduous-forest region of the northeastern and northcentral U.S.A.; the plant seems to have increased as the result of disturbance and the creation of open habitats through forest clearance by European settlers. In presettlement sediments from forested regions of Minnesota, it occurs in frequencies of 1-2 ~o (FRIES, 1962; McANDREWS, 1966) , while farther from the modern prairie, in southern Michigan (M. B. Davis, unpublished) or Ohio (OCDEN, 1966) it is very rare (<1%) in presettlement samples. The maximum of Ambrosia pollen between 5,000 and 8,000 years ago could, therefore, represent either disturbance of the forests, or local conditions similar in some way to those in modern forests near the prairie margin. Another possibility is that the pollen was windblown from midwestern prairies; this possibility seems ruled out by the absence of similarly high percentages of Ambrosia pollen at stratigraphically equivalent levels in lake sediment farther north, in Vermont (DAVIS, 1965b) . Since the recent studies in Minnesota have so convincingly demonstrated that the prairie-forest boundary moved eastward between about 5,000 and 8,000 years B.P. (WRIGHT et al., 1963; CuShING, 1965; M¢ ANDP, EWS, 1966) it seems reasonable to conclude that the climatic event that caused this change is also recorded by the Ambrosia-pollen maximum in sediments of the same age at Silver Lake, Ohio, and Rogers Lake, Connecticut.
A more detailed vegetational interpretation of the pollen evidence will indicate whether the Ambrosia maximum represents a "xerothermic interval" in the northeast, or whether the changes in pollen percentages in the younger pollen zone, C-2, record an event of this kind, as has been thought previously (DEEVEY, 1939; DEEVEY and FLINT, 1957; ODGEN, 1966) . Interpretation of pollen zones A-4 and B has been facilitated by comparisons with modern pollen assemblages from northern Quebec, on the one hand, and the northern Great Lakes region, on the other (DAvis, 1967) . I feel confident that much of the Postglacial pollen sequence, including the Ambrosia-pollen maximum and the overlying C-2 zone, can eventually be interpreted by this method. A more continental climate in the past might have brought about the development of forests in southern Connecticut similar to those that occurred before forest clearance in the Midwest and Great Lakes region. It is in these regions that we should look for modern or presettlement analogs to the pollen assemblages deposited at Rogers Lake between 9,000 and 1,500 years ago. Only the youngest pollen zone, C-3, with its increased percentages of Castanea pollen, resembles surface samples from Rogers Lake and its vicinity. This implies that forests similar to those that occurred in southern Connecticut at the time European colonists arrived had developed only within the past 1,500 years.
CONCLUSIONS
The results from Rogers Lake indicate that estimation of sedimentation rates by means of series of radiocarbon dates is feasible; pollen analysis in cores of lake sediment can, therefore, be put on an absolute basis. But one may still question whether such an expensive and laborious method is worthwhile. At times when the deposition rate for total pollen is relatively uniform, as during almost the entire Postglacial interval at Rogers Lake, the percentage diagram conveys almost all the information about changes in individual types contained in the deposition-rate diagram. More could be learned, of course, if deposition rates could be related to numbers of trees, in which case the deposition-rate diagram would yield a population count for the various tree genera. It seems unlikely, however, that any such relationship exists, as the number of pollen grains entering a lake per unit area probably varies with lake size (TAUBER, 1965) . It may even be questioned whether the deposition rate at the point where the core was taken is proportional to the total pollen input to the lake, rather than dependent upon local, and possibly varying, conditions of sedimentation.
These questions may prove less serious than might be supposed if additional absolute diagrams show that changes in deposition rates are stratigraphically consistent. If so, it will be worthwhile to obtain at least a few absolute diagrams from each vegetation region, if only to indicate the times when the total pollen deposition rate was constant and when for this reason changes in pollen percentages reflect changes in pollen input to the lake. Evidence from Rogers Lake shows that the total number of pollen grains produced by the vegetation is more stable (FAGERLIND, 1952) than | had imagined; the views I expressed earlier (DAvis, 1963) were an exaggeration of the true situation. Certainly one of the implications of my previous paper, that the Pine Pollen Zone (B) could not be interpreted as a time of abundant pine, has now been shown to be incorrect. The same conclusion regarding zone B has been drawn from comparisons of the pollen percentages in zone B-I with surface samples, which show that they are similar to modern pollen assemblages from the mixed coniferous-deciduous region of eastern Ontario north of the Great Lakes, a region where pine, although not the dominant genus, occurs frequently (DAvis, 1967) .
Present experience indicates that absolute diagrams will be most valuable for the interpretation of Late Glacial pollen sequences, many of which record vegetation that changed drastically in pollen productivity as tundra was replaced by park tundra and woodland, and woodland was replaced by forest. As a result, the changes in pollen percentages from one level to another are distorted and cannot indicate directly the direction of vegetation change. In some cases, too, the Late Glacial vegetation may have been quite different from any vegetation existing today; comparisons cannot be made with modern analogs. With these two methods of interpretation made difficult or impossible, the absolute pollen diagram becomes a practical method of investigation.
